To help prevent pyrogenic reactions and bacteremia in hemodialysis patients, the Association for the Advancement of Medical Instrumentation and the Centers for Disease Control recommend microbiologic assay of hemodialysis fluids at least monthly. Five commercially available assay systems were evaluated by using the membrane filtration technique with standard methods agar and trypticase soy agar as the standards for comparison. Each assay system was challenged with dialysate and reverse-osmosis water from local dialysis centers, aqueous suspensions of eight laboratory strains of gram-negative bacilli and nontuberculous mycobacteria, and a mixed microbial flora inoculated into reverse-osmosis water and laboratory-prepared dialysate. Mean viable counts from triplicate samples were obtained after incubation at 37°C for up to 72 h. The efficiency of recovery varied with the specific type of microbial challenge. The SPC water sampler (Millipore Corp., Bedford, Mass.) was the most consistent in obtaining the highest viable counts. Other commercial systems were comparable to each other in overall performance. All assay systems tested provided an acceptable balance between microbial recovery and required sampling time, equipment, and expertise.
Hemodialysis patients are at risk of developing endotoxinmediated pyrogenic reactions (11, 14) and bacteremia caused by gram-negative bacilli during hemodialysis (8) . These complications are believed to be a result of high bacterial contamination in dialysis fluids primarily caused by gramnegative water bacteria (9) or inadequately reprocessed hemodialyzers (1, 4, 10, 12) . The Association for the Advancement of Medical Instrumentation (AAMI) and the Centers for Disease Control (CDC) have developed microbiologic guidelines for dialysis fluids to protect the hemodialysis patients from these adverse reactions. These guidelines recommend that water used to prepare dialysate should not have viable colony counts that exceed 200 CFU/ml and that water used to reprocess hemodialyzers should not contain either bacteria >200 CFU/ml or endotoxin .1 ng/ml (8) . These recommendations suggest that dialysate should not have total viable colony counts which exceed 2,000 CFU/ml and that dialysate should be cultured at least monthly (3, 7) . AAMI and CDC guidelines list a variety of different sampling methods for quantitative microbiology that can be used, such as conventional laboratory procedures (i.e., spread plate and membrane filtration [MF] ). In this study, we evaluated microbial recovery by using several commercially available samplers and the MF technique.
MATERIALS AND METHODS
Microbial assay systems. Five commercially available microbial assay systems were evaluated: (i) the SPC sampler (Millipore Corp., Bedford, Mass.), (ii) the total-count water tester (TCWT) (Millipore Corp.), (iii) the nutrient pad kit with standard media (NP) (Nalgene, Rochester, N.Y.), (iv) NP, with triphenyltetrazolium chloride (NP+) (Nalgene), and (v) solutions were made by first making an aqueous suspension of each organism containing approximately 107 CFU/ml. Titers of these suspensions were then determined, and equal proportions of each suspension were added to 250 ml of sterile reverse-osmosis water to achieve a final concentration of 100 to 1,000 CFU of each of the four organisms per ml. The second was prepared in the same way except that 250 ml of filter-sterilized (0.2-,um-pore-size Nalgene disposable filtration device) acetate dialysate was used.
Hemodialysis fluids. Samples of water, acetate dialysate, and bicarbonate dialysate were collected from three local dialysis centers to run as unknowns.
Assay procedure. The SPC and TCWT were tested by immersing the paddle portion into a 100-ml beaker containing 90 ml of sample fluid for 30 s. The paddle was then withdrawn from the beaker, and excess fluid was removed by gently shaking. The paddle was then replaced into its case for incubation.
The NP and NP+ were rehydrated with 3.5 ml of sterile water for injection (Abbott Laboratories, Chicago, Ill.). One (Table 2) .
Overall bacterial recovery from 21 water samples from centers A, B, and C was best achieved by the SPC system. There was no significant difference between the overall bacterial recovery rates of SMA, TCWT, and NP+. When analyzed separately by center, the SPC and TCWT systems had the highest recovery rates, followed by either SMA or the NP+ system (Table 3) . DISCUSSION Hemodialysis patients can be exposed to 400 to 600 liters of dialysis fluids per week during dialysis (6) . The quality of the water and the dialysate is important because of the nature of the contact between the dialysate and the patient's blood system. High concentrations of bacteria can pose risks of bacteremia or endotoxemia to hemodialysis patients because of possible passage of bacterial endotoxin across the membrane or because of transmembrane stimulation of macrophages and subsequent cytokine production by endotoxin or bacteria. Early studies have shown that the attack rates for pyrogenic reactions can be directly proportional to the level of bacterial contamination in the dialysis fluid (7, 9) . As a result of these studies, AAMI and CDC made the following recommendations regarding the bacterial content of hemodialysis fluids: (i) water used to make dialysate should contain <200 CFU/ml; (ii) dialysate should not contain >2,000 CFU/ml; and (iii) water used to prepare germicide for the reprocessing of dialyzers should contain <200 CFU of bacteria per ml or <1 ng of endotoxin per ml (3, 12) .
Testing of water and dialysate should be done at least monthly (3, 13) . A variety of bacteriologic samplers designed primarily for water testing are commercially available. We evaluated five of these sampling systems for their possible use in the sampling of hemodialysis fluids compared with the recommended MF technique using TSA and SMA. The bacteriologic samplers are readily available to the dialysis facility and easy to use by dialysis personnel with little laboratory training or equipment. All tests however, require an incubation of culture at 37°C as per AAMI guidelines (3), and a dissecting microscope to count viable bacterial colonies is strongly recommended. In our evaluation, we found performance of each system varied depending on the microbial flora of the solution being tested. This would also explain the center-to-center variation noted in the bacterial recoveries from water and dialysate samples from these dialysis centers.
The SPC sampler consistently had higher microbial recovery rates than the four other assay systems included in this study. In overall performance, when compared to MF with SMA or TSA, all of the commercial systems that were tested produced an acceptable range of microbial recovery. Differences in the ability of each method in recovering organisms may be partly due to the matrix (i.e., water, acetate, or bicarbonate dialysate) in which the organisms had adapted. For example, recovery of organisms isolated from bicarbonate dialysate will depend on the salt content of the medium because of the presence of haloduric or halophilic organisms (5) . In this case, ACP, which are inoculated by adding a 1-ml sample to the system, had the best recovery. This inoculation ensures that the salt content in the recovery medium remains close to that of the original matrix.
However, differences in the numbers of organisms recovered from system to system were generally close when logarithmic levels were compared. Thus, any of the assay systems could be easily used by dialysis system personnel for microbiologic monitoring of dialysis fluids. All of these commercial assay systems are relatively easy to use 
